A new method for analyzing the fluoride content of the surface layer of human enamel was devised and used in a comparative study, along with methods which have hitherto been reported. The results obtained showed a high correlation between the decalcified depth (X) and the cumulative amount of fluoride in the region from the enamel surface (Y) to the deeper layers, as expressed by the regression power curve (Y=aXb).
Introduction
The significance of application of various types of fluoride solutions to the enamel surface is evaluated highly from the viewpoint of caries control, the fluoride taken into the enamel being considered to play an important role in enhancing the caries-control effects.
Hence, in examining the effect of fluoride on the strengthening of teeth or on the enhancement of their anti-caries nature, it is extremely important to grasp the original condition of fluoride distribution in human enamel and the distribution condition resulting from retention by the enamel of fluoride after application of fluoride solution. For this purpose, the method which has hitherto been generally adopted is one whereby a comparative study is made on the estimated concentration of fluoride at certain depths from the enamel surface layer which can be used as a standard in comparing the conditions of retention when fluoride is used.
In conducting analyses of fluoride concentration in the enamel, many researchat Matsudo (Director: Prof. Muneyoshi YAMAZAKI).
ers [1] [2] [3] [4] [5] [6] [7] [8] have adopted a method in which the enamel is successively decalcified with perchloric acid (HClO4) and the depth of decalcification obtained by calculations based on the fluoride concentration and calcium content of the sample obtained. However, even when the enamel is decalcified successively using HClO04 as mentioned above, it is not always possible to obtain a uniform depth of decalcification, owing to the effects of various factors. As a result, the existing method makes it difficult to compare the fluoride concentration of one enamel sample with another at the same depth. For that reason, in recent years, a new method [9] [10] [11] [12] has been adopted in which a calibration curve of the depth from the enamel surface layer against its fluoride concentration is drawn on the basis of the data obtained for these parameters and, from this calibration curve, the estimated fluoride concentration at a given depth can be obtained. However, as this calibration curve is an F-gradient curve [13] which shows that the fluoride concentration decreases sharply from the surface layer of the enamel to the deeper layers, it seems that there is some problem about the accuracy with which it can show the corresponding depth of the average fluoride concentration of a sample obtained as a result of decalcification. With regard to this problem, NAKAGAKI et al. [10] postulate that this fluoride concentration represents that existing at around the medium depth of the decalcified layer, while IIJIMA et al. [9, 15] , KIRKEGAARD [16] and WEFEL et al. [17] contend that it is equivalent to the concentration at the deepest portion.
In the present study, therefore, the authors devised a new method of analysis to determine the fluoride level at a certain depth from the surface layer of the enamel and, at the same time, conducted a comparative analysis of the results obtained by their method and by the methods adopted hitherto by NAKAGAKI et al. [10] , II-JIMA et al. [9, 15] and GRON et al. [18] . As a result, extremely interesting findings were obtained, which are reported in the present paper.
Materials and Methods

Experimental materials
Fourteen upper central incisors, which were extracted due to periodontal diseases, were used for the present study. Seven out of the 14 teeth were not treated with fluoride (non-F-treated group) and the rest were treated with 0.9% acidulated phosphate fluoride (JSP) for 4 minutes (F-treated group). Before conducting the experiment, the surfaces of the teeth were cleaned with a Robinson brush and checked to ascertain that there was no crack or white spot. The depth of decalcification was calculated from the amount of calcium contained in the sample. In other words, from the calcium content of 37.4% in the enamel, the weight of the decalcified enamel was calculated. Also, based on the fact that the specific gravity of enamel is 2.95, the depth of decalcification was obtained using the following formula of AASENDEN et al. [19] :
The measurement of the amount of calcium was done by first removing 0.1 ml from the solution after measuring the fluoride concentration, diluting it 100 times with distilled water, and then measuring it using an atomic absorption photometer (type 503, Perkin Elmer) employing an air-acetylene flame, under the conditions of wavelength 421.5 nm, slit width 4 mm and range 10 mV. ( 1) tuted total depth (value of "x") from the surface of the enamel layer downwards for each layer obtained from this experiment to give the cumulative amount of fluoride present from the surface layer of the enamel to the deepest part of each layer. Furthermore, in obtaining the fluoride content of each layer, the method adopted was as follows: for example, in order to obtain the fluoride content of the IInd layer, the fluoride content of the Ist layer was subtracted from that of the IInd layer obtained by the above-mentioned process of calculation, and, likewise, the fluoride content of the IIIrd layer was obtained by subtracting the total fluoride content measured down as far as the IInd layer from that down as far as the IIIrd layer.
(2) Methods developed by IIJIMA et al. [9, 15] and NAKAGAKI et al. [10] Using the methods of IIJIMA et al. [9, 15] and NAKAGAKI et al. [10] , a regression power curve was drawn concerning the depth from the enamel surface and the fluoride concentration, measured by each method. Then, by definitively integrating the depth of each layer obtained by the present method with the value (x) calculated from the surface layer of the enamel downwards and at different depths was obtained, on the basis of the regression power curve. The calculation of the fluoride content of each layer was done by a method similar to that devised by the present authors. (3) Method developed by GRON et al. [18] A graph connecting the midway points in the thicknesses (x) of each layer of each layer was obtained, first by determining the area of each layer (IInd, cidentally, since it was possible under this method to produce only a half of the graph with regard to the Ist and the Vth layer, the authors did not calculate the fluoride content of either of these two layers. For the same reason, the authors were not able to obtain the cumulative fluoride content of the portions between the surface layer of the enamel and the different layers. By dividing the values obtained by the above-mentioned method by the determined value, the authors obtained the ratios to the determined value and made a comparative study of those ratios.
Results
As a pilot study, the data obtained using the present method were substituted into various functions, the primary function (y=a+bx), the logarithmic function (y = a + blogx), the regression power function (y = axb) and exponential function (y=aebx), and then by checking the coefficient of correlation (r), it was found that "r" was high for the regression power function (y =axb). This function was therefore used in the analysis of the present study. Table 1 shows the results obtained using the regression equation, coefficient of correlation and equation for obtaining the fluoride concentration within the enamel at any depth using the present authors' method.
As in Table 2 -1, which shows the ratio of the calculated amount of fluoride in each layer to the determined amount, and the ratio of its cumulative content to the amount determined for the non-F-treated group, the ratios were found to be 1.05 to 1.09 in the Ist layer, therefore revealing the calculated values to be extremely close to the determined values. In the IInd and the deeper layers, the ratios of the calculated amounts to the determined amounts were 0.76 to 0.86 in the IIn.d, 0.92 to 0.98 in the IIIrd, 1.17 to 1.42 in the IVth and 1.21 to 1.80 in the Vth layers, the calculated values therefore tending to be higher than those determined in the IInd and the deeper layers. However, the ratios of the calculated cumulative amounts to the determined amounts were 0.91 to 1.09 in the IInd and deeper layers, the calculated values thus being extremely close to the determined values. centration (ppm). Table 4 -1 shows the ratio of the calculated amount of each layer to the determined amount and the ratios of its cumulative amount to the determined amount of the non-F-treated group using the method reported by each respective author . The ratios obtained using the method of IIJIMA et al. [9, 15] were 3.48 to 10.43 , and 1.72 to 3.02 using the method of NAKAGAKI et al. [10] in the Ist layer. The calculated values were therefore extremely higher than the determined values as compared with the values obtained using the various methods. Using the method of IIJIMA et al. [9, 15] , the calculated values in the IInd and the deeper layers were always higher than the determined values, although the ratios were lower than those of the Ist layer. On the other hand, the calculated values were close to the determined values using the method of NAKAGAKI et al. [10] .
Using the method of GRON et al. [18] , the calculated values were extremely close to the determined values, although it was n of possible to obtain values for the Ist and the Vth layer, As in Table 2 -2, showing the ratios of the F-treated group for each of the re- spective authors' methods, the ratios were found to be similar to those of the non-F-treated group in all layers, so that the calculated values were also shown to be close to the determined values.
On the other hand, as seen in Table 4 -2, the ratios for the F-treated groups using the methods of IIJIMA et al. [9, 15] and NAKAGAKI et al [10] , were extremely higher by an exponent, the value calculated using the method of IIJIMA et al. [9, 15] was nearly infinite and could therefore not be expressed numerically.
In the IInd and the deeper layers, the ratios were similar to those of the non-F-treated groups using either of the two methods. Likewise, using the method of GRON et al . [18] , the ratios were similar to those of the non-F-treated groups in the IInd to the IVth layers . However, the ratios tended to be higher in the IInd layer when the determined values of the Ist layer were extremely high.
Discussion
Hitherto, with the methods of analysis applied to this type of experiment , it has generally been unclear as to which depth of the enamel (the point on the "x" axis) the obtained fluoride concentration represents, with the result that there has always been some uncertainty at the graph plotting stage. Furthermore , because the distribution of the fluoride concentration in the enamel as repo] ted by BRUDE-VOLD [13] is an F-gradient curve that declines sharply from the surface to the deeper layers, it used to be anticipated that, in measuring the fluoride concentration of the portion near the surface layer, the position of the plot would produce a great effect on the concentration obtained. For this reason, the present authors attempted an analytical method to grasp as accurately and expediently as possible the distribution of fluoride concentration in the enamel close to the surface layer , the portion to which great importance is attached from the viewpoint of caries control.
By substituting the values obtained from the present experiment into the regression power function, it was found that "r" was high. Similarly, in the calibration curve concerning the concentration of fluoride and the depth of the enamel drawn by IIJIMA et al. [9, 15] and NAKAGAKI et al. [10] , a high "r" value has been obtained for y=axb, and as a result, it has become clear that, in this type of experiment, the relationship between the fluoride concentration (or the cumulative amount of fluoride) and the depth of the enamel can be expressed by the regression power curve.
GRON et al. [18] and CASLAVSKA et al. [20] , instead of drawing a regression power curve, have adopted a method by which the estimated fluoride concentration (y) against a certain depth (x) can be read from the graph obtained by linking the midway points in the layers of different depths with straight lines. This method is basically the same as the method adopted by NAKAGAKI et al.'"'. The method of GRON et al.'183 seems to be a comparatively reliable one in that, as can be seen from the experimental data (Table 4) , the fluoride contents of the different layers are not very different from the experimental figures and that the drawing of the graph is very simple. However, because of the fact that the range expressed by the graph is limited to that from the depth in the midway point in the uppermost surface layer downwards to that in the midway point in the deepest layer , it is not possible to obtain the fluoride concentration of other portions, especially the portion between the surface of the enamel and the depth at the midway point of the Ist layer . Besides, the graph itself lacks flexibility at the plotted portions and there is the possibility that this lack of flexibility may affect the calculation of the fluoride concentration.
When a comparison was made between the methods developed by IIJIMA et al. [9, 15] and NAKAGAKI et al. [10] , both of whom used the regression power curve, it was found that, under the method of IIJIMA et al. in which the value of "x" was expressed at the deepest portion of the decalcified layer, the values obtained always proved to be higher than the determined values. In the Ist layer, the values were found to be extremely high: 3.48 to 10.43 times the value determined for the non-F-treated groups. Also, using the method of NAKAGAKI et al. [10] in which the value can easily obtain the fluoride concentration at any depth. Moreover, the results (Tables 2 and 4 ) describing the relation between the depth of decalcification and the cumulative amount of fluoride as confirmed by the method used by the present authors, because of the method having produced a value almost the same as the determined value, apparently ensure high accuracy in the calculation of the estimated fluoride concentration at any depth and therefore can be expected to provide a value of high reliability.
Conclusions
As a result of an attempt made to develop a new method for analyzing the distribution of fluoride in the surface layer of human enamel, the following conclusions were obtained : (1) By showing the relation between the depth of decalcification (x) and the cumulative fluoride content between the surface and that depth (y) by a regression power curve (y=axb), a high correlation was obtained. (2) The cumulative amount of fluoride calculated from the graph obtained proved to be of a value extremely close to the determined value. Also, better results were obtained when a comparison was made with the data obtained by the methods of IIJIMA et al. [9, 15] and NAKAGAKI et al.
[10] (3) When the ratios of the fluoride contents of the different layers to the determined value were compared with the ratios resulting from measurements by the methods of IIJIMA et al. [9, 15] , NAKAGAKI et al. [10] , and GRON et al. [18] , an extremely good result was obtained in the 1st layer by the present authors' method. Furthermore, using the method of IIJIMA et al. [9, 15] , the level of fluoride generally tended to show a value higher than the determined value, while the methods of NAKAGAKI et al. [10] and GRON et al. [18] , produced a value close to the determined value in the IInd and deeper layers. Also, with the method of GRON et al. [18] , the data for the 1st and Vth layers were unobtainable, but it became apparent that good values could be obtained for the IInd, IIIrd and IVth layers. (4) By the use of the present analytical method, it is possible to differentiate the regression power curve, which shows the relation between the depth of defluoride concentration (ppm) at that particular depth. Therefore, this method of analysis shows the possibility of being an extremely effective and expedient procedure for the future in determining the distribution of fluoride concentration within the enamel.
